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9 Background of the Invention 

10 This invention relates to pressure welding, more specifically, to the diffusion 

1 1 welding of different metals in air using mechanical processing of the surfaces to be 

12 welded, applied compression force, heating of the butt area up to the welding temperature 

1 3 and additional heating pulses. 
14 

15 Description of the Related Art 

16 Diffusion welding by use of pressure pulses and heating during the welding 

17 process enhances the diffusion of the metals during the welding process. 

18 Other diffusion welding techniques use a controlled pressure pulse and a 

19 controlled electrical or electromagnetic energy to the pressed body. Pulses of electrical 

20 energy are used to bond particles to each other or to skins, membranes or filaments of 

21 weldable material. 

22 The one of the main drawbacks of the above techniques are that they cause 

23 deformation of the pieces to be bonded and a burring at the butt area. The welding of the 
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1 two pieces are not complete and the mechanical characteristics of weld junctions in the 

2 periphery and central spots of the pieces to be welded will be different. 

3 Further hydrogen is burnt out in the butt areas. The length of the time spent 

4 welding is long and there is an uneven distribution of the welding temperature across the 

5 butt surfaces. 

6 Summary of the Invention 

7 Diffusion welding in air is improved by using heat pulses. The pieces to be 

8 welded are polished at their adjoining faces and a protective hydrocarbon compound is 

9 applied to prevent oxidation during welding. The pieces to be welded are pressed 

10 together, heat is steadily applied to the butt area up to the welding temperature and then 

1 1 the heating is paused and several additional heating pulses (depending on the diameter of 

12 the pieces to be welded) are applied to even out the distribution of heat across the butt 

13 area of the weld, resulting in a better diffusion and a better weld. The welding 

14 temperature used is on the order of 80 to 90 percent of the melting point of the metals to 

15 prevent deforming of the metals and burring in the butt area. The pressure is removed 

16 after the compressive force is applied during the welding process. 
17 

18 Objects of the Invention 

19 It is an object of the invention to improve the quality of the weld junction. 

20 It is an object of the invention to improve the continuity of the properties of the 

21 welded piece across the butt area. 

22 It is an object of the invention to provide an even temperature distribution across 

23 the weld junction for more even diffusion. 
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1 It is an object of the invention to provide welds without burring. 

2 It is an object of the invention to use heating pauses and heating pulses to enhance 

3 the temperature distribution across the weld junction for more even diffusion. 

4 It is an object of the invention to obtain a homogeneous weld across the butt area. 

5 Other objects, advantages and novel features of the present invention will become 

6 apparent from the following description of the preferred embodiments when considered 

7 in conjunction with the accompanying drawings. 
8 

9 Description of the Preferred Embodiments 

10 To begin the welding process two different metals are selected for welding. The 

1 1 butt areas are polished to obtain two flat surfaces. A protective hydrocarbon compound to 

12 prevent oxidation during welding is applied to the surfaces to be welded. The 

13 hydrocarbons will turn to gasses during the welding process and prevent oxidation of the 

14 metal surfaces during welding. 

15 The metals are pressed together and heated. The heat is preferably supplied to the 

16 butt area by induction heating such as by a loop inductor fed from a high frequency 

17 generator. 

18 The materials to be welded are heated to a temperature of about 80% to 90% of 

19 the melting point of the lower of the two materials. This prevents melting, maintains the 

20 shape of the materials and prevents burring across the contact surface. Maintaining the 

21 temperature at about 80% to 90% of the melting point promotes a better diffusion without 

22 deforming the materials. The temperature of about 80% to 90% of the melting point of 

23 the lower melting point metal for the diameters of 8 mm to 22 mm is reached within 10 to 
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1 30 seconds. Then the heating is paused for approximately one or two seconds. The 

2 temperature at the butt area will drop. A heating pulse is then applied for about three 

3 seconds to bring the temperature of the butt area to about 80% to 90% of the melting 

4 point of the lower melting point metal. 

5 During the diffusion welding process in air with pressure being applied the 

6 microroughnesses are squeezed and the surfaces to be welded achieve a closer contact to 

7 allow for the better development of diffusion. During the additional heating pulses the 

8 temperature is homogenized over the butt area the number of active centers is increased 

9 enhancing the diffusion process. The number of heating pulses used depends on the size 

10 of the butt area to be welded. For example for a 20 mm diameter weld of two pieces, two 

1 1 additional heat pulses of three seconds were used with a pause of two seconds. 

12 The pressure diffusion welding method presented is particularly useful for 

13 cladding cutting tools. For example 20 mm milling cutters have been welded. 40H steel 

14 was used for the cladding piece and the cutting piece with R9K5 steel. Before welding 

15 the surfaces were dry polished and coated with a protective hydrocarbon compound layer 

16 to prevent oxidation. The pieces to be welded were assembled using a UDS-3 instrument 

17 and pressed together with 4 kg/mm"* of pressure. The butt area was heated with a loop 

18 inductor fed from a high frequency generator. The protective coating decomposed during 

19 heating without forming any solid residues, and the gases formed due to its 

20 decomposition acted as oxidation protecting gases for the weld area. 

2 1 In general a pressure of about 3 kg/mm** to about 5 kg/mm is applied to the 

22 pieces to be welded depending on the diameter of the pieces to be welded to push them 

23 together during the welding process. After a temperature of about 1200°C is achieved the 
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1 generator is switched off for two seconds and then a heating pulse is supplied for three 

2 seconds followed by another two-second pause and another three-second-heat pulse. The 

3 welded pieces are then annealed. The resulting mechanical parameters of the weld 

4 junction are homogeneous across the junction and its strength is similar to that of 40H 

5 steel. Its plasticity is better than that of R9K5 steel. The plastic strain was within 4%. The 

6 compound formation time was 25 seconds. 

7 Obviously, many modifications and variations of the present invention are 

8 possible in light of the above teachings. It is therefore to be understood that, within the 

9 scope of the appended claims, the invention may be practiced otherwise than as 

10 specifically described. 

1 1 What is claimed is: 
1 



